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Quick ReferenceData

CetaneNwnbers

Diesel = 45 to 55
Ethanol = 8
Methanol = 3

Electric Conductivity

(mbo/cm)
Gasoline 1 x 1O~
Diesel Fuel 1 x 1012

Ethanol 1.35 x 10~
Methanol 4.4 x 10~

Viscosity

Centipoise

20°C -20°C

Methanol 0.59 1.15
Ethanol 1.19 2.84
Diesel Fuel 9.7 1.15

Useful Terms and Definitions (also seeGlossary)

CetaneNumber(Rating):a measureof the ignitionvalue of a dieselfuel
(i.e., thepercentageby volume of the hydrocarboncetane(C16H~)in a
mixture of cetaneand 1-methylnaphthalenethat gives the sameignition
lag as the fuel oil beingtested).
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Issuesand Implications:

Issue#1: Low CetaneNumbersof FuelAlcohols

Neatalcoholfuelswill not self-ignite in existingcompression

ignition (diesel)engines.

Implicationsof Low CetaneNumbers:

• Alcohols cannotbe used in existing diesel enginesto
replace diesel fuel without modifying the engine or
addingsupplementaladditives.

ProposedSolutions:

• Theuseof additivesin alcoholfuelscurrentlyappearto
be much more promising than modifying the diesel
engine(suchasusingcontinuouslyoperatingglowplugs).
“Ignition improver” additivesthathaveshownsignificant
successinclude peroxides,nitro-compounds(Avocet~),
nitrocellulose,or nitrates. For example,the additionof
7.5% Avocet~’to methanol has resulted in similar
combustioncharacteristicsto dieselfuel whenburnedin
a dieselengine.

DetailedInforination.~Referto pages8-2 through 8-4.
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Issue#2: PhaseSeparationof Alcohol/GasolineBlends

ImplicationsofPhaseSeparation:

• Lossof cold weatherdriveability

• Potentialfuel line freezing

ProposedSolutions:

• In addition to improvedalcohol storageand shipping
techniques to prevent water contamination,
gasoline/alcoholblendscan be reformulatedto avoid
phase separationby introducing additives such as
“higher” alcohols, various nonionic surfactants,and
various anionicfatty acid surfactants.

Detailed Information.. Referto pages5-7through5-10and8-
4.
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Issue#3: Electrical Conductivity

The comparatively high electrical conductivity and high
oxygencontent of fuel alcoholscan contribute to corrosion
and wear problems as well as chemical degradation of
materials in a vehicle’s fuel system.

Implicationsof High Conductivityof AkoholFuels:

Current flows from rear-mountedfuel pumps can induce

galvaniccorrosion.

ProposedSolutions:

• Selectingmaterialscompatiblewith the propertiesof
alcoholswill help alleviatetheseproblems.

• Using corrosioninhibitor additivesandhigher alcohols
(suchas1-butanolor n-decanol)ascosolventswith fuel
alcohols inhibits corrosionof water-sensitivematerials
suchas aluminum.

DetailedInfoimation Referto pages7-4 through 7-5 and 8-
5.
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Issue#4: VLccosity

Ethanol and methanol have low viscositywhich may lead to
lubrication problems, especially in diesel fuel engines
modified to run on alcohol fuels.

Implicationsof Low Viscosity:

Increasedwear due to lesseffective lubrication.

ProposedSolution.~

• Use of higher alcoholsas additivesmay be neededto
improve lubricity.

Detailed Infonnation~~Referto pages8-6.
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Issue#5: Cold WeatherStarts

Neat alcohol-fueled engines have proven difficult to cold
start, especiallyat ambient temperatures below 10°C(50°F).

Implication of Cold WeatherStartingProblems:

• Prolongedenginecranking

• Batterywear

ProposedSolutions:

• Neatalcoholswill requireeither“reformulated”mixtures
using someform of additive(suchasgasoline,dimethyl
ether(DME)), or someothercold start subsystem.

Detailed Infonnation. Referto pages8-6.
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• CetaneNumber
• Miscibility with Water andHydrocarbonFuels
• Electric ConductivityandOxygenContent
• Viscosity
• Material Compatibility
• Safety Issues
• Cold Startability

Introduction

Ethanol andmethanolhavemany importantpropertiesthat make
them quite differentfrom gasolineand dieselfuel (seeTable2-4).
Modifications to certain properties ofethanol and methanol would
improve their performance as alternative liquid transportation
fuels. Therefore, this sectionwill focus on opportunitiesto modify
specific propertiesof alcohol fuels to improve engine/vehicle
performance.A numberof technicalalternativesare feasible. At
the two extremes,onecaneitherblendin oneor moreadditivesto
the ethanolor methanolto improve its characteristics,or redesign
the engineto takefull advantageof the alcohol fuel’s properties.
Becauseof thecostandcomplexitiesinvolved in newenginedesign,
mostrecenteffortsandfleet testshavetendedto modify anexisting
diesel/gasolineengine, test the use of an additive in the fuel, or
both. In this section,the focus is exclusivelyon reformulationsof
the basic alcohol fuel, primarily through the addition of higher
alcohols,to lessenor eliminate existing operationalproblems.

A setof requirementsmustbeestablishedfor the propertiesof any
additive. The additive must be physically and chemically
compatiblewith thebasealcoholfuel andhavepreferablyhavethe
same or higher specific energy content. Additives must not be
readily removable from the fuel, significantly add to exhaust

8-1



8-2 PROPERTIESOFALCOHOL FUELS

emissions,nor leave any residue. Moreover, additivesshouldnot
complicate regulatorycompliance, and should also be relatively
inexpensive.

CetaneNumber

Policy Issue#1
Diesel enginesuse compressionand heat to auto-ignite the
fuel. The cetanenumberis a measureof the ignition value
ofdieselfuel. Most dieselfuel hasacetanenumbersranging
from 45 to 55. The “low” cetanenumberof ethanol(8) and
methanol(3) indicatesan insufficientself-ignition quality for
direct useof thesealcohols in unmodifieddieselengines.

Additives must be used with alcohol fuel to improve its self-
ignition properties. [1,2] These additives are called “ignition
improvers.”

Figure8-1 [3] showsthe influence of the fuel’s cetanenumberon
the concentrationrequiredof the ignition improver to obtain the
sameignition delay as a conventionaldieselfuel (cetanenumber
52). Peroxides and nitro-compoundssuch as Avocet~and
nitrocelluloseare suitable ignition improving additives for poor
quality dieselfuels andfor middle distillate fuels. In Sweden,2%
Avocet~is alsobeingtestedasanadditiveto allow lignocellulosic
ethanolto be usedas a primary fuel in dieselbuses.[4] Nitrates
are also valuable additives for low cetanenumber fuels suchas
alcohols. Suchadditivescanboosttheperformanceof normallylow
cetanenumber fuels suchas ethanol and methanol to those of
commercial diesel fuels. For example, tests were made with
methanol plus an ignition-improving additive consisting of a
modifiednitrocellulose(NC) combinedwith polyetherto avoidsolid
depositsin the injectionsystem. In comparisonwith conventional
dieseloperation,thecombustionof themethanolplus the ignition
improver exhibits nearlyequal fuel consumptionand ignition and
ignition delay behavior. The enhanced methanol blend
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demonstratedmuch lower NO,,, soot, and particulate emissions
when comparedto conventionaldieselfuel.

Figure 8-1., Ignition improver additives.

Of the commercial ignition improvers for alcohols, Avocet~
manufacturedby ICI America, Inc. is oneof the mostpopularand
most widely tested. Avocet~hasaproprietarycomposition,but is
known to containa lubricant andcorrosioninhibitor in addition to
the active ignition improving compounds,which arenitrate esters;
thesecomponentsare diluted in methanol. The lubricant and
corrosion inhibitor arepresentto protecttheprecisecomponents
of the dieselfuel injection systems,serving the samefunction as
additivesused to protect gasoline carburetorand fuel injection
systems.Avocet~is preparedin variousconcentrationsby blending
with chemical - grade neat methanol. The characteristicsof
Avocet~aredescribedbelow:

Appearance:Clear paleyellow liquid
SpecificGravity: 1.15
% Volatile by Volume: 25
Ingredients: Nitrate EsterandMethanol

N)trutu
• Nftro-Compound.
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Thevaluesusedfor methanolandAvocet~in calculatingthe inputs
for the emissionsandcarbonbalancefuel consumptioncalculations
are asfollows:

Methanol Avocet~

Specific Gravity 0.794 1.15
% Carbonby Wt. 37.5 35
% Hydrogenby Wt. 12.6 7
% Oxygenby Wt. 49.9 50
% Nitrogen by Wt. -- 8
Molecular Wt. 32.04

Values providedby ICI America, Inc.

Avocet~wasrecentlyusedin a studyto determinetheperformance
and emissionsof a Detroit Diesel Corporation8V-71 transit bus
engine operatedon methanol. [5] The minimum amount of
Avocet~which enables the methanol fuel to have similar
combustioncharacteristicsto the baselinediesel fuel was 7.5%.
Becausemethanolburnswithout smokeat relatively high fuel-to-
air ratios, the enginecould producehigher levels of power than
whenusing the baselinedieselfuel. The combustionefficiency of
this engine using ignition-improved methanolwas essentiallythe
sameaswhen using thebaselinedieselfuel. Gaseousemissions
wereessentiallyunchangedwhile totalparticulateswerereducedfor
this engine using ignition-improved methanol relative to the
baselinedieselfuel.
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Miscibility with Water and HydrocarbonFuels

Policy Issue#2
Miscible refersto the capacityof mixing fluids in any ratio
without separation. Ethanol and methanolare completely
miscible with water, but show very poor miscibility with
gasoline/dieselfuels containingtracesof water. As discussed
earlier in Section 5, blending of gasoline or diesel with
methanol/ethanolin the presenceof water may lead to a
phaseseparationproblem.

This problemcan be effectively controlledby the use of additives
such as higher alcohols (C2 - C12), various commercialnonionic
surfactantsand various anionic fatty acids surfactants. Among
them, iso-propanol, 1-butanol, n-decanol and palmitic acid have
beenthe most often suggested.[6]

Electric Conductivityand Oxygen Content

Policy Issue#3
The comparatively high electrical conductivity and high
oxygen contentof fuel alcoholscan contributeto corrosion
and wear problems as well as chemical degradationof
materials in a vehicle’s fuel system. Solving this problem
requirestheselectionof alcohol compatiblematerial for the
fuel system. The use of corrosioninhibitors is also a good
alternative.

The addition of higher alcohols, (such as 1-butanolor n-decanol)
ascosolvantsnot only preventsthephaseseparationnotedearlier
but alsoinhibits the corrosionof water-sensitivematerialssuchas
aluminum. Otheradditivesthathavebeendemonstratedcorrosion-
inhibiting characteristics are calcium sulfonate, zinc dialkyl
dithiophosphate,and Proal.~
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Viscosity

Policy Issue#4
Viscosity is a measureof the resistanceof a liquid to flow.
The ‘~viscosityindex” is a measureof the constancyof the
viscosity of a lubricant with changesin temperature,with
higher values indicating viscosities that change little with
temperature.Thelow viscosityof ethanolandmethanolfuels
suggests that lubrication problemswith conventional fuel
injection systemsmaybe expected,especiallyin a dieselfuel
engine. Theuseof higheralcoholsasadditivesoffersabetter
lubricity.

Cold Weather Startability

Policy Issue#5
Ethanol-andmethanol-fueledsparkignition (SI) engineshave
proven difficult to start at ambient temperaturesbelow
approximately10°C(50°F). This problemcan be solvedby
mixing someadditivesfor cold start improvement.

Thecold startabilityof methanolandethanolfuels improve greatly
when a small amountof more volatile fuels such as gasoline is
mixed in the alcohol. [7]

The useof dimethyl ether (DME) hasbeenproposedto improve
the cold starting performanceof methanol-fueledSI engines.[8]
DME couldbegeneratedon-boardthroughcatalyticdehydrationof
methanol, which is an exothermic reaction describedby the
following equation:

2 CH, OH -. CH, OCH3 + H20 + Heat

DME has a high vapor pressure,betweenthat of propaneand
butane,(as shownin Figure8-2 [9]). It alsohaswide flammability
limits, 3.4 - 18.0 vol %, and is therefore capableof promoting
enginecold starting to below -30°C(-22°F).
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Figure 8-2., Vapor pressuresof several fuels.

Conclusion

As a generalrule, the fuel propertiesof methanolandethanolcan
besignificantlyimprovedby theadditionof higheralcohols.Higher
alcohols offer the advantageof higher calorific value and better
lubricity. In general,increasingthe carboncontentin the alcohol
molecule improves the self-ignition properties of the higher
alcohols. In addition, mixtures of methanoland higher alcohols
also improve the widespread applicability of alcohol engine
concepts, due to reduced wear and lube oil-related problems.
Advanced methanol production processes, currently under
development,maychooseto producea “fuel-grade” methanolwith
a lower selectivity,thus resultingin amethanolformula containing
a considerableamount of higher alcohols (up to 30%, from
propanolto duodecanol).[101
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